Chemical characterization of groundwater is essential to bring out its nature and utility.
In Annamalai Nagar in the past two decades local village people are using shallow aquifers for the agricultural and domestics purposes. The deep bore wells are mainly used for the university utility purposes, and now few rich farmers and housing societies are going for the deep ground water exploration. Shallow groundwaters were observed to be contaminated by agricultural activities (present and abandoned, Senthil Kumar,2006) .
Full fledged concrete structures and buildings have reduced the recharge of the shallow groundwaters (Senthil Kumar, 2006) . Annamalai university campus composed of more than 15000 people at present using deeper wells for the university hostel and staff quarters consumption , since deep groundwater were less contaminated and are potential.
In this scenario, this study is undertaken to address the availability and chemical characterization of the water it also focuses on aquifer lithology in the shallow and deep groundwaters of the region.
The various aspects attempted for first time in this paper on they are; 1. To understand the geological and hydro geological aspects of shallow and deeper groundwater 2. To delineate exactly the ground water potential zone, thickness of the zone, using subsurface geophysical methods 3. To understand the complexity of hydrogeochemical process operating in these aquifers.
Geology
The Geology of the area plays a significant role in the determination of the groundwater potential of the region. The area is represented by sedimentary formation composed of clays and sand of quaternary age. The area shows low undulating topography with the elevation of 5.75 meters from the MSL. There is a gradual slope towards the coastal region. The area contains mainly of aquifer and aquicludes. The first sub artesian aquifer found at a depth of 200 meters. This aquifer has some microfossil of textulaira and globigerina (Lakshmanan,1982) . Species present in the aquifer indicates Miocene age.
The lower aquifer is cretaceous, according to unpublished reports of Public Works Department. Geological succession of the near by area is given below the Table 1 .
Drainage
The Khan Saheb canal, which originates from the lower anicut, runs in the northern side of the university campus. The Uspur channel runs south of the campus. The entire region is of gentle slope towards Southeast. There are three main reservoir tanks present in this region (Fig. 1) . Rettaikulam the north and south of the university road, Vellakulam reservoir near the Engineering Block and Tiruvetkulam temple tank the are storage structures of the region.
Aquifer Parameters:
The pump test data of the shallow wells reveals that transmissivity ranges from 800 gpd/ feet to 850 gpd/feet. Deep bore well (400 meters) at the University pavilion has 45300 gpd/feet (635m3 / day /m) (Lakshmanan, 1982 and Arul 1990 
Subsurface investigations
The resistivity log of four different locations along AA' (Fig.1 ) in the study area is shown in Figure. well. These may be the regions with relatively fresh water. It is also evident that the extent of this shallow fresh water is restricted a small patch is visible in the Engineering college bore well. The extent of fresh water in deep bore well is more. It also possible to witness the variation lithology with respect to the resistivity values, the upper layer in the DDE bore and in the agriculture college is clayey. The resistivity log indicate the inter fingering of the clay lenses with the sandy layer or silty sand and is visible to certain extent (Fig.3 ) .However, SP log has also to be compared to get a complete idea about the lithology. The clay layers separating these aquifers were also analyzed ( Table 2 ). The FTIR analysis
Mineralogy
shows the presence of Quartz, kaolinite and montmorllionite at shallow aquifer and 
Results and Discussion
The chemical constituents of shallow and deep aquifers indicate that Na behaves as the dominant ion (Table 3) .
Water type
The dominant cations and anions present in water are generally reflected in the water type (Piper,1944) . The prominent chemical facies of the shallow groundwater ( Figure 9 ) is Na-Cl-HCO3-SO4 and that of deeper groundwater is and Na-HCO3-SO4-Cl ( Figure 10 ).
High sodium waters can be explained by the combination of dilution factors, ion exchange and Sulphate reduction (Krothe 1982) . The increased hydrogen ion concentration in water also reduces the pH of ground waters at certain locations.
Increased chloride concentration (conservative ion) in shallow groundwater may be due to the process of removal of other anions from the system either by adsorption to clays or through other hydrochemical processes In shallow groundwater lesser amount of Ca, Mg and HCO3 may be due to the precipitation and removal of ions as calcite, dolomite, or
Aragonite leaving the Na-Cl dominated groundwaters.
In deeper aquifer Na-HCO3 type water is dominant. This may be due to the consumption 
Thermodynamic stability
The stages of structural breakdown of minerals can be established by the stability filed of the silicate minerals. Hence standard stability diagrams were evolved for the thermodynamic studies (Garrels and Christ 1965 and Stumm and Morgan 1996) . In spite of some limitations, a major application of these diagrams is that one can plot the appropriate ion activities for a given sample of water to evaluate the water composition status in terms of mineral-water equilibrium. Similar studies were adopted for well waters in the black soil zone over weathered Deccan basalt of Malwa Plateau, Madhya Pradesh (Lunkad and Raymahashay, 1978) . The thermodynamic stability studies were also applied to, groundwater in lateritic soil profiles of Kerala and its composition is found to be in consistent with occurrence of Gibbsite, kaolinite and halloysite (Raymahashay, et al,1987) .
Na system
All samples fall in kaolinite to montmorllionite field. The samples of deeper aquifer are grouped near the boundary of stability zone between kaolinite and Na-montmorllionite.
Most of samples of shallow groundwater fall in the kaolinite field ( Figure 12 ). There is a It is evident form the figure that the shallow groundwaters are represented with low and high Na due to availability of Na or due to the variation of pH. The higher pH may also be due to the absorption of H+ into the clay lattice resulting in the exchange of cations at the exchange sites.
R+-clay +2H+ OH -= H-clay + R+ + H2O
Na-Montmorllionite is more stable with this composition than Ca-Montmorllionite, this may be due to the removal of Ca/Mg from the system by precipitation or due to the lesser mobility.
K System
In K system the samples fall in three different fields kaolinite, Muscovite and KFeldspar.
Most of the shallow water samples fall in the kaolinite stability field, few in muscovite and K-Feldspar ( Figure 13 ).Similar to Na system here again shallow water samples fall in (ii) The second reaction is weathering of Illite to kaolinite, which has a molal ratio around 2.4.
From the figure 15 it is clear that both mechanism are prominent in the study area, the first seems to be more predominant in the shallow aquifers. In the deeper aquifers both of are dominant. There are dissimilarities in ratio of certain ions in few locations it may be due to stability of these samples with different stages of clay mineral transition, which is beyond the purview of this study.
Statistical analysis Correlation
The correlation analysis (significant at the level of 0.05) of shallow groundwaters shows that, good correlation exist between HCO3, K, Na, Cl; K, Cl and HCO3. Negative correlation exists between pH, Ca, Mg, K; Ca, Mg, Na, K, SO4, and Na. A schematic correlation diagram is represented as follows,
In deeper groundwater good correlation exists between Cl, HCO3; Na, Cl, HCO3; and pH, SO4 and Na, no strong negative correlations were established, but other ions shows poor positive to poor negative correlation. A schematic representation for deeper aquifer is given below,
The basic correlation exists between Na, Cl, HCO3 and SO4, which form the Spinal species i.e. chief component ions (Srinivasamoorthy et al, 2005) in both the depths. The water chemistry shows that K is well correlated with Cl and HCO3 at shallow depths, but it lacks good correlation with other ions in deeper aquifer (Table 4) .
Factor analysis
The factor analyses were carried out for the groundwater samples collected in the study area. Three factors were extracted for shallow groundwater samples representing 78 % of the hydrogeochemical process (Table 5 ). The extraction of three factors from the available data set reveals that it's a complex hydrogeochemical system. The first and Level of Significant second factors are dominant among the three processes extracted. Cl, HCO3, Ca and Na represent the first factor indicating the leaching and dissolution of secondary salts precipitated in the pore spaces. Neagtive K and Ca with positive pH represent the second factor. The pH representation in this factor indicates the enhanced pH values or the removal of H+ in the system along with K . This may be due to the normal mica weathering process release these ions and H+ into the system or by ion exchange. The third factor is represented by K and H4SiO4, this may be due to the enrichment of silica by silicate weathering.
In the deeper groundwater four factors were extracted representing 83% of the total data variability. The first factor is more dominant in the hydrogeochemical system. Cl, Na and HCO3, indicating the leaching and dissolution of secondary salts in the pore spaces representing first factor and K ,Mg and H4Sio4 represents the second factor indicating silicate weathering . Third factor is represented by pH and SO4 where hydrogen is removed from the system and SO4 were added to the system due to reverse reaction.
The forward reaction involves the release of H+ ions introduced at depth by sulphate reduction and methanogenesis by oxidation of organic matter (Wallick 1981 ). The reverse of this reaction consumes H thereby increasing pH and release SO4 into the system. Fourth factor is represented by HCO3 only due the dissolution of secondary carbonaceous leacheates. Thus the statistical analysis reveals that dissolution and leaching of secondary salts along with ion exchange process plays a dominant role in hydrogeochemistry of the region.
Saturation index

Silicate minerals
The structural breakdown of aluminium silicates is accompanied by a release of cations usually with silicic acid. As a result of such reactions alkalinity is impaired to the dissolved phase from the bases of the minerals. In most silicate phases Al is conserved during the reaction, the solid residue being higher in Al than the original silicate, the alkalinity of the solution increases during the weathering process, the solid residue has higher acidity than the original aluminium silicate (Stumm and Morgan 1996) . Hence the ratio of Si/Al determines the state of thermodynamic equilibrium of water. The saturation index of secondary minerals (kaolinite and Gibbsite) is plotted against the mole ratio of Si and Al. The (SI: Saturation Index) SIgibbsiteis <2.5 and SIkaolinite is > 2.5 ( Figure 16 ).
There is a clear demarcation between SIgibbsiteand SIkaolinite. It also shows that SIkaolinite > SIgibbsitein samples of both the depths. Si/Al ratio reveals that in most of the samples ,there is a clear grouping, most of the shallow ground water samples have ratio less in Si/Al values (<2.5 ppm). There are few shallow groundwater samples showing higher value, this may be due to the increased dissolution of H4SiO4 in the system or enrichment of Al in the solid phase induces the formation of secondary minerals promoting higher saturation index for these secondary minerals and higher alkalinity to the system (Stumm and Morgan,1996) .
Carbonate minerals
The figure 17 shows that the Saturation Index of calcite and aragonite are plotted against PCO2 , it varies from under saturation to saturation, where SIcalcite>SIaragonite. The figure also reveals that, PCO 2 decreases when saturation index increases. This process of decrease in PCO 2 will aid in the precipitation and removal of CaCO3 form the system (Chidambaram et al, 2007) . Similar conditions are also noted in SI dolomite and SI magnesite against PCO2.
But the magnesite shows near saturation to equilibrium condition with increase of PCO2.
The changing state of equilibrium from saturation to under saturation of CO3 minerals in these waters are expected to be around -2.25 ppm log PCO2. There is no clear demarcation between shallow and deep ground waters with respect to saturation index of carbonates minerals.
Conclusion
The shallow water type is dominated by Na-Cl-HCO3-SO4 and deeper groundwater by Na-HCO3-SO4-Cl. In shallow groundwaters lesser amount of Ca, Mg and HCO3 occur, may be due to the precipitation and removal of ions as calcite, dolomite, or aragonite. Na 
